Abstract South Africa has the highest rate of fetal alcohol syndrome (FAS) in the world. While efforts have been made to curb the high rate of FAS, little is known about situational factors that may contribute to alcohol use during pregnancy. In the current paper, we focus on the role of food insecurity and its relationship to alcohol use among pregnant women. Women completed computer-assisted interviews. Generalized linear modeling was used in all analyses. Women attending alcohol-serving establishments in a township in Cape Town, South Africa were recruited for the study. Five hundred sixty women were sampled and 95 women reported being pregnant. High levels of alcohol use were reported among pregnant women: 65 % of women consumed alcohol at least every month and 29 % consumed alcohol as often as two to three times per week. Thirty-four percent of the women reported having six or more drinks per occasion on at least a weekly basis. The majority (87 %) of pregnant women reported experiencing some form of food insecurity (e.g., food unavailable, eating less) in the past month. Alcohol use was significantly associated with food insecurity, even when controlling for relevant demographic variables. Intervention with pregnant women who consume alcohol is urgently needed. Future research should focus on understanding the intersection of food insecurity and alcohol, and how the experience of food insecurity may contribute to greater rates of alcohol use and abuse among pregnant women.
Introduction
Alcohol use among pregnant women residing within South African townships is prevalent and alarming (Eaton et al. 2012; May et al. 2007; Morojele et al. 2010; Rosenthal et al. 2005) . Rates of fetal alcohol syndrome (FAS) in South Africa are the highest in the world (Viljoen et al. 2003) . The Western Cape Province of South Africa in particular has the highest rates of FAS ranging from 43.8-89.2 per 1,000 children; by comparison, the United States and Canada have rates generally observed at 1 per 1,000 children (May et al. 2000; 2009; Viljoen et al. 2005) . FAS is directly linked to a multitude of negative health outcomes including deficiencies in the growth and development of cognitive and physical capabilities, particularly damage to the central nervous system. The effects of FAS are life-long with only limited treatment available (Adnams et al. 2001; Kodituwakku et al. 2006; Peltzer et al. 2006) . Furthermore, FAS has had a devastating impact on the Western Cape economy and health care system (Crede et al. 2010) .
Heavy alcohol use occurs in informal drinking establishments or shebeens and taverns within many townships in South Africa (Kalichman et al. 2007a; 2008a, b; c; Schneider et al. 2007; Suliman et al. 2010 ). As such, South Africa has high rates of hazardous drinking. Although the proportion of South Africans who drink alcohol is fairly low (in a national household survey just 39 % of men and 16 % of women reported alcohol use in the past year), South Africa has one of the highest per-capita rates of alcohol consumption in the world among those who do consume alcohol (Parry, 2010; Rehm et al. 2003a) . Likewise, patterns of detrimental alcohol use tend to be more severe in South Africa (Gruenewald et al. 2002; Rehm et al. 2003b; c) , compared to other parts of the world (Rehm et al. 2003a) .
Given the devastating health outcomes associated with FAS, the alarmingly high rates of FAS in South Africa, and the recognition that proper prenatal health care can entirely prevent FAS, concerted efforts must be made to prevent the syndrome (Morojele et al. 2010; Parry, 2010; Peltzer 2006; Peltzer et al. 2006) . However, to date, limited data exists to inform our understanding of the contextual factors related to alcohol intake during pregnancy in South Africa. This lack of research, in turn, has stymied efforts to intervene and provide prevention options (Rosenthal et al. 2005) .
Studies outside of South Africa have identified multiple negative psycho-social factors as contributing to an increased likelihood of alcohol use during pregnancy (Skagerstrom et al. 2011) . One area that has been overlooked, yet has been linked to alcohol use in non-pregnant individuals, is that of food insecurity (Sirotin et al. 2012) . Food insecurity-a vital component of nutrition-concerns the availability, access, and nutritional content of one's food. Food insecurity within South African households is under-studied; however there is agreement that it affects a substantial number of South Africans. In 2008, as many as one in four individuals in a national South Africa survey reported food insecurity (Labadarios et al. 2011 ). This percentage is down from 52 % reported in both 1999 and 2005 suggesting that government policies relating to food supplementation, food fortification and school food programs have improved food insecurity. However, large numbers of individuals continue to report food insecurity, and women are disproportionately, negatively affected by food insecurity (Altman et al. 2009 ).
Although multiple studies have investigated the use of alcohol among pregnant women in South Africa (e.g., Desmond et al. 2012; Eaton et al. 2012; May et al. 2000; O'Connor et al. 2011) , less is known about its relationship to food insecurity among pregnant women. Studies examining the physiological relationship between alcohol and nutrition have demonstrated that alcohol inhibits the absorption of nutrients by decreasing the functioning of digestive enzymes (Korsten 1989) . More recently, research has emerged suggesting that poor nutrition is, in fact, a critical factor in the development of FAS as it amplifies the teratogenic effects of alcohol (Carter et al. 2007; Faden et al. 1997; Keen et al. 2010; Shankar et al. 2007; Xu et al. 2006) . Poor nutrition compromises the body's ability to effectively metabolize and clear ethanol, thus leading to greater ethanol toxicity. Likewise, it is believed that nutritionally rich diets can act as a buffer to protect fetal development among alcohol using pregnant women (Eaton et al. 2012; May et al. 2007; Morojele et al. 2010; Rosenthal et al. 2005) . Therefore, food insecurity is a vital component to account for when assessing factors that contribute to the development of FAS. And finally, guidance is needed on how to frame the role of food insecurity in understanding high rates of FAS among alcohol using pregnant women.
For the current study, we used data collected from a cohort study to assess alcohol use, food security and the relationship between these two constructs among pregnant women attending alcohol-serving establishments (shebeens and taverns) in Cape Town, South Africa. This paper is an exploratory study of the associations between alcohol use and food security. However, we use these findings to generate a conceptual model to explicate the relationships between food insecurity and alcohol use, and to generate hypotheses around contextual-and individual-level factors important in understanding FAS. Given the documented high rates of FAS in Cape Town, we predicted that alcohol use among pregnant women would be commonly reported. Furthermore, we expected that alcohol consumption, frequency, and problematic alcohol use will be associated with experiencing food insecurity among pregnant women.
Methods
Participants were women attending alcohol-serving establishments in a peri-urban township in Cape Town, South Africa. The township is located within 20 km of Cape Town's central business district and consists of both people of mixed ethnicity (i.e., Coloreds) and Black Africans. A relatively new township, the community was established in 1990 and is one of the first townships in South Africa to racially integrate. Large numbers of indigenous Black Africans started settling in and around the township during the 1990s after government policies of racial segregation during Apartheid ended. The township sampled for this study, therefore, offers the opportunity to survey women of varying cultures residing within one South African community.
Venue Selection
Using an adaptation of the Priorities for Local AIDS Control Efforts community mapping methodology (Weir et al. 2002) , we located and defined alcohol-serving establishments in the township for the current study. Alcohol-serving venues were systematically identified by approaching a total of 509 members of the community at public places such as bus stands and markets, and asking them to identify places where people go to drink alcohol. Venues were eligible if they had space for patrons to sit and drink, reported >50 unique patrons per week, had >10 % female patrons, and were willing to have the research team visit periodically over the course of a year.
Participant Recruitment
Women from a total of twelve alcohol-serving venues were recruited for this study. Field staff invited female shebeen patrons to be part of a cohort study examining alcohol use among women over the course of one year. Women were eligible to participate if they were (a) at least 18 years of age; (b) drank alcohol in the venue and (c) lived in the township. A total of 604 women were approached to participate and given an appointment card to come to the study office to provide informed consent and complete a baseline assessment. Almost all (560, 92.7 %) came for the initial appointment and enrolled in the study. Seventeen percent (N=95) of women recruited from alcohol-serving establishments reported being pregnant. Study recruitment occurred over June 2009-May 2011.
Study Design
Women in the prospective cohort were assessed at three time points, each being 4 months apart. We used data from the time point in which the participant first reported being pregnant. Assessment measures were administered at a communitybased research site located within a community center in the township using audio computer-assisted self-interviews (ACASI) delivered in English, Xhosa, and Afrikaans, the three dominant languages spoken by persons in the township. Research has shown that ACASI procedures yield reliable responses in behavioral interviews (Gribble and Miller 1999; Turner et al. 1996) . Participants were given a grocery store voucher (150ZAR, or approximately 20USD) at each time point in exchange for their participation.
Measures
Measures were adapted from previous research conducted in South Africa (Eaton et al. 2012; Kalichman et al. 2011; Scott-Sheldon et al. 2012; Sikkema et al. 2011 ). All of the measures were translated and back-translated to produce parallel forms in the three languages of administration.
Demographics Participants were asked to report age, education, ethnicity, employment, marital status, having children, having electricity, having indoor tap water, and having a refrigerator.
Food Insecurity We assessed food insecurity using items adapted from the USDA Food Security Scale (Bickel et al. 2000) . We used eight items that focused on different aspects of food insecurity that a participant may have experienced in the previous month. Example items included, "In the past month, I could not feed my family;" and "In the past month, I or other adults in the household cut the size of our meals because there wasn't enough money for food." Responses were given on a four-point scale with 0=never, 1=once or twice, 2=every week, 3=every day (α=.90). We provide descriptive information for each of the responses and then for analytic purposes we dichotomized food insecurity as either not experiencing it (responding "never") or as having experienced it (responding "once or twice", "every week", or "every day").
Alcohol Use To assess alcohol use, we used the Alcohol Use Disorder Identification Test (AUDIT (Saunders et al. 1993) ). This measure is a ten-item self-report instrument that includes quantity and frequency of alcohol use and is designed to identify individuals for whom the use of alcohol places them at risk for developing alcohol problems or who are currently experiencing alcohol problems (Catalan et al. 1988; Conigrave et al. 1995) . Items were summed according to Saunders et al. (1993) . Scores ≥8 are considered an indicator of problematic alcohol use (Saunders et al. 1993 ).
Data Analysis
We conducted descriptive analyses of sample demographic characteristics, alcohol use, and food insecurity. We compared food insecurity and alcohol use among pregnant and non-pregnant women using t tests. Generalized linear modeling (GZLM) with a Poisson distribution was used to model the relationship between alcohol use and food insecurity among pregnant women. Furthermore, GZLM with a binary logistic distribution was used to test for differences in AUDIT scores between pregnant women who did and did not report food insecurity. All analyses controlled for age, ethnicity, education, and marital status. There were Given our focus on alcohol use and food insufficiency among pregnant women and similar findings on these items between groups, we limited all further analyses to women reporting being pregnant (n=95). For women reporting being pregnant at more than one time point, we limited data analyses to the first time point they reported their pregnancy. Women reported an average age of 29 years old and an average education of Grade 9. About one out of five women were married (21 %) and a quarter of women were employed (25 %). Almost all women were either of Black (38 %) or Colored (59 %) ethnicity. Most women reported residing in a house with electricity (94 %), indoor water (86 %), and a refrigerator (85 %). One in four women reported having children (Table 1) . Overall, pregnant women reported substantial alcohol use (Table 2) . AUDIT scores averaged 12.56 (SD=8.07). Sixty-nine percent of the sample had audit scores above the threshold of eight, suggesting behaviors and experiences indicative of problematic alcohol use. Sixty-five percent of women stated that they consumed alcohol at least every month, with 29 % of women reporting consuming alcohol as often as two to three times per week. Sixty-nine percent of women reported consuming at least three to four drinks during a typical drinking session; 14 % responded having at least ten alcohol drinks during a typical session. Thirty-four percent of women reported binge drinking alcohol (six or more drinks) at least weekly. Forty-one percent of women stated they were not able to stop drinking once they started on at least a monthly basis. A substantial number of women also reported guilt or shame in regards to their drinking, needing a drink first thing in the morning, and failing to do what was expected of them due to alcohol use. Finally, 27 % of women reported, at least on a monthly basis, that they were unable to remember what happened the night before when consuming alcohol.
Eighty-seven percent of women reported experiencing at least one event in the past month consistent with food insecurity (Table 3 ). For each of the food insecurity items, more than half the women sampled reported experiencing it in the past month. Of particular concern for maternal health and fetal development: 76 % of women reported being hungry, but could not afford food, and 63 % of women stated being unable to afford to buy a balanced meal.
In examining the relationship between alcohol use and food security, we found a significant positive relationship between increased AUDIT scores and greater likelihood of experiencing food insecurity (AOR: 1.03, 95%CI: 1.02-1. 04, controlling for demographic variables). To further understand this relationship, we compared the average AUDIT score for each food insecurity item (Fig. 1) . For five of the eight items, AUDIT scores were greater among women who reported experiencing the event in the past month. For the remaining three items, no significant differences emerged.
Discussion
This study explored the relationship between alcohol use and food insecurity among pregnant women attending alcohol-serving venues in South Africa. Consistent with national data on FAS, data from the current study demonstrate alarmingly high rates of alcohol use among pregnant women attending alcohol-serving establishments in a Cape Town, South African township. A majority of pregnant women reported that they regularly consumed moderate to heavy amounts of alcohol. Furthermore, a majority of the sample lacked access to a stable supply of food.
There exists an urgent need to intervene with pregnant women representative of those sampled in the current study. Efforts must be concentrated on all women of childbearing age in order to mitigate the negative effects of alcohol use during pregnancy while concurrently addressing food insecurity. South Africa has demonstrated some success in alleviating food insecurity among many of its residents; however, given the persistent rates of FAS more needs to be done to create an environment wherein pregnant women who use alcohol are provided with reliable access to food.
Although the exact causal factors driving the relationship between food insecurity and alcohol use are unknown, for the purpose of guiding future studies we used data from the current paper and available literature to form a hypothesized conceptual model that more fully explicates important pathways affecting alcohol use and food insecurity (Fig. 2) . To begin, it is known that resources and accessibility of food and alcohol (Blankenship et al. 2006 ) are two critical determinants of their use. Alcohol-serving establishments are plentiful in townships and large volumes of alcoholic drinks can be purchased with little monetary currency. In contrast, local food vendors are small in numbers. It is possible that women are more likely to be spending money on alcohol than food as alcohol is, by and large, more easily accessible and requires fewer resources to secure. We hypothesize that employment, marriage, governmental support, transactional sex, and exchange of goods are the most commonly used means to gain resources to access food and alcohol; and that proximity to food/alcohol stores, available transportation, and available food/alcohol options drive accessibility (see Fig. 2 (Bhutta et al. 2008; Haider et al. 2011) . Programs focused on supplementation of multiple micronutrients have largely received the greatest attention and have demonstrated positive results (Haider and Bhutta, 2006; Haider et al. 2011; Huybregts et al. 2009; Shankar et al. 2008; Sunawang et al. 2009 ). However, the World Health Organization states, "Although maternal nutrition and low birth weight are recognized as crucially important, WHO does not have a comprehensive strategy to address this issue" (WHO (2012) . This sentiment is consistent with the lack of available interventions for pregnant women experiencing multiple co-morbidities. Efforts to combat maternal malnutrition are mainly focused on developing strategies that would fit within the infrastructure of resource limited countries. To that end, there is urgent need for community leaders, medical professionals and other key stake-holders to develop and promote effective methods for mitigating maternal food insecurity. In addition to researching and developing nutritional programs, more research is needed that specifically focuses on intervening with alcohol using, malnourished pregnant women. Existing data has documented the possibility of multiple micronutrient supplements protecting against the negative effects of fetal alcohol exposure. Research in this area is preliminary, yet the data are compelling and demonstrate the possibility of micronutrient supplementation as having a critical role in preventing FAS (Ammon Avalos et al. 2009; Ballard et al. 2012) . It is possible that the administration of fortified foods and micronutrient capsules during prenatal care could prevent FAS. Of course, these programs should be coupled with intensive alcohol treatment counseling including social-cognitive counseling strategies.
Findings from the current study should be viewed in light of their limitations. Results are limited to women attending alcohol-serving establishments and cannot be generalized to the larger population. Findings related to alcohol use and food security are likely to vary between people who do and do not attend alcohol-serving establishments. Data were cross-sectional, which precludes reporting on causal findings. We also relied on self-report of potentially stigmatizing behaviors, which could potentially bias responses. This work would benefit from incorporating a measure of nutrition. The current study measured food insecurity which does not address the nutritional value of the foods that are being consumed. Pregnancy was based on self-report and we did not collect information on stage of pregnancy.
An area of important future research is that of the prenatal care habits among pregnant women consuming alcohol. Engagement in care is likely a critical factor in understanding the relationship between alcohol and food security; however, we were unable to present on this information. Given the considerable number of pregnant women attending alcoholserving establishments, these venues may serve an important function in engaging women into care. This information is necessary for determining effective strategies for intervening with women at risk for fetal alcohol exposure. Due to the consequences of alcohol misuse and abuse, it is likely that alcohol using pregnant women do not seek out regular prenatal care and likely delay initial contact with obstetric health care providers.
There is an urgent need to better and more fully address alcohol use behaviors among pregnant women residing in South African townships. The high rates of FAS demand considerable action to raise awareness about the negative effects of alcohol use during pregnancy. Focusing on the environment wherein alcohol use occurs will likely be a critical objective in curbing alcohol use among pregnant women. A combination of structural-level interventions to highlight the harms associated with alcohol use during pregnancy and individual-level treatment should be prioritized. Interventions aimed at reducing alcohol use among pregnant women should also focus on the broader context of these women's lives that may be contributing to high levels of alcohol intake, in particular, food security. Without concentrated efforts to address alcohol use during pregnancy, rates of FAS in South Africa will likely continue to be among the highest in the world.
